Before taking core-loss spectra, the zero-loss peak was confirmed at exact zero eV to ensure the exact positions of peaks in the ELNES.
Linear combination and linear least-square fit
Before taking core-loss spectra, the zero-loss peak was confirmed at exact zero eV to ensure the exact positions of peaks in the ELNES.
The reference rutile, anatase EELS spectra were taken from Degussa P25, and the reference Ti 2 O 3 EELS spectra were taken from Ti 2 O 3 purchased from Sigma-Aldrich. These titanium oxides are in NP forms, whose ELNES are very close to the pure ones synthesized by us in oxygen gas (for anatase and rutile) and in He gas (for Ti 2 O 3 ) at a different pressures by PLV. We fit the background with an energy window 400eV-455eV for Ti-L 2,3 edges and 510-525eV for O-K edges by using a combination of power law and polynomial model E −r + aE 2 + bE + c. Here a, b, c and r are fitting parameters, E is the energy. After subtracting the background, intensities of Ti-L 2,3 edges and O-K edges in the EELS spectra were normalized within energy window 450eV-470eV and 525-550eV, respectively. We then produced linear combinations of EELS spectra of pure TiO 2 and Ti 2 O 3 for Ti-L 2,3 edge part and O-K edge part, respectively, as shown in Figure S1 .
It should be noted that the energy dispersion of reference spectrum from pure rutile and Ti 2 O 3 used in this linear combination is 0.1eV/channel in order to acquire Ti L 2,3 and O-K edges at the same time. Thus, there is a small reduction of energy resolution (<0.1eV) because of unable to focus zero-loss peak as precise as in the highest energy dispersion (0.025eV/channel) case. We used least-square fitting to find the best fit between the experimental spectra taken at different locations of the rutile particle and the reconstructed spectra yielding the coefficients, as shown in Figure S2 . Because the background is subtracted, we estimated the average noise in the pre-ionization edge area. The energy window of fit is 430eV-455eV for Ti-L 2,3 edge and 510-525 eV for O-K edge. By comparison, the fit difference between experimental spectra and reconstructed spectra is close to the noise level (maximum < 6% for Ti and maximum < 5%
for O) at different locations except at 1 nm (~10% for Ti and ~13% for O) where signal-to-noise ratio is relatively low. 
Detection geometry effect of EELS spectrum on NPs with different sizes
It should be noted that signal measured at the NP edge is affected by the 1) surface roughness of the NPs, 2) instrument drift during EELS acquisition of roughly one atomic layer and 3) electron-beam broadening. This combination of intrinsic and instrumental factors obscures the identification of Ti 2 O 3 at the edge of NPs. The examples 'S1' and 'S2' in Supplementary Figure S3a represent surface spectra taken at grazing incidence from two different spots of the same rutile NP in Figure 1b . We can clearly observe TiO 2 crystal field splitting features in spectrum 'S1', while these features are almost unrecognizable in spectrum 'S2', indicating different Ti 2 O 3 concentration.
However, the significant increased surface-volume ratio in smaller nanoparticles allows to acquire surface spectra with less delocalization. Figure S3b shows ~100% Ti 2 O 3 from fitting the EELS spectrum taken at the surfaces (by summing spectra in order to increase signal-to-noise ratio) of a nanoparticle 4 times smaller the one in Figure S3a . The L 2 -t 2g peak of Ti 2 O 3 , whose position is quite different with rutile and anatase, unambiguously confirm highest Ti 2 O 3 concentration in the surface. However, we didn't perform systematic characterizations on small rutile not only due to the low signal-to-noise ratio, especially for O-K edge, but also concerning the influence of twin boundaries on the ELNES which are rich in the small rutile (<14nm) NPs. 
